Background: Acupuncture is commonly used to reduce pain during labour despite contradictory results. The aim of this study is to evaluate the effectiveness of acupuncture with manual stimulation and acupuncture with combined manual and electrical stimulation (electro-acupuncture) compared with standard care in reducing labour pain. Our hypothesis was that both acupuncture stimulation techniques were more effective than standard care, and that electro-acupuncture was most effective.
Background
Acupuncture is commonly used to reduce pain during labour [1] despite contradictory results from studies evaluating its effectiveness [2] . In two studies, acupuncture has been reported to reduce pain [3, 4] , whereas other studies have found no evidence of pain reduction compared to sham control or standard care [5] [6] [7] , although it has been found that those receiving acupuncture treatment had a lower frequency of epidural analgesia and/or pethidine use [5, 8] . Furthermore, our own research group has demonstrated that sterile water injections, which give high intensity sensory stimulation, reduced the intensity of labour pain more effectively than acupuncture using manual stimulation of the needles [9] .
Acupuncture involves puncturing the skin with thin sterile needles at defined acupuncture points. After placement, the needles are stimulated either manually or electrically. In acupuncture with manual stimulation (manual acupuncture; MA), the needles are twisted back and forth until a sensation of DeQi is achieved, which is described as a feeling of numbness, soreness or heaviness. In acupuncture with electrical stimulation (electro-acupuncture; EA), the needles are connected to a stimulator delivering either high or low frequency impulses, or a combination of both. The "dose" of acupuncture is determined by different factors such as number of needles, depth of insertion, type and intensity of stimulation; for MA by the number of times the needles are manipulated until DeQi is achieved, and for EA by the frequency and intensity of the electrical stimulation. In addition, the effect of acupuncture treatment is associated with the patient's expectations and perception of the stimulation [10] .
Whether the dose and mode of acupuncture stimulation was given in an optimal way in previous studies could be discussed, and if acupuncture treatment is more effective at certain stages of labour remains unknown. Pain relief through MA and EA have many similarities but there are also a number of differences, both regarding the type of afferents activated (EA: Aβ/δ-types, MA: all types, particularly C-types) and which opioid peptides are released [11] . As a consequence, one could expect that a combination of manual and electrical stimulation would lead to more effective pain relief than manual stimulation alone [11] , but this has not yet been evaluated in the context of labour pain.
The aim of the present study was to evaluate the effectiveness of acupuncture with manual stimulation of the needles as well as the combination of manual and electrical stimulation in reducing labour pain, compared with standard care without any form of acupuncture. Our hypothesis was that the combination of manual and electrical stimulation would be the most effective stimulation.
The primary outcome of the study was women's selfassessment of labour pain. Secondary outcomes were: experience of relaxation, use of epidural analgesia, and satisfaction with pain relief. We also monitored the following outcomes: mode of delivery, other forms of pain relief, augmentation of labour, duration of labour, perineal trauma, newborn Apgar score, umbilical cord pH and Base Excess, and transfer of the infant to neonatal clinic. Finally, we studied possible negative side-effects of the acupuncture treatment.
Methods
The study was designed as a longitudinal randomised controlled trial. A full description of the study design has been presented previously [12] . The study protocol followed CONSORT [13] and STRICTA [14] recommendations and the rationale of acupuncture was based on Western medical theories [11, 15, 16] .
The recruitment of participants took place between November 2008 and October 2011 at two hospital delivery wards in Sweden. Inclusion criteria for participation were: healthy nulliparous women with normal singleton pregnancies and a foetus in cephalic presentation admitted to the delivery ward in an active or latent phase of labour, after a spontaneous onset of labour. Women were excluded if they had received any pharmacological pain relief within the 24 hours prior to inclusion into the study with the exception of paracetamol, or if they were given oxytocin at the time point of allocation. After oral and written consent were obtained, the women were randomly allocated into one of three groups: manual acupuncture (MA), electro-acupuncture (EA), or standard care (SC). The randomisation was computerised by the first author LV and generated a list of codes from 1 to 303, with each code linked to one of the three groups. The randomisation was conducted in blocks with the length of 9, 12 and 15 which varied randomly. The participating midwives had varied training and experience of administering acupuncture treatment. A one-day study-specific course was given before study start, which included theory and hands-ontraining in MA and EA.
Intervention
All women in the trial received care from midwives throughout labour and birth, and from obstetricians in cases of deviation from normal progress, according to Swedish clinical practice. The participants in all three groups had access to all pharmacological and nonpharmacological analgesia available in Swedish maternity care. However, women in the SC group did not have access to any form of acupuncture. After randomisation and when requesting pain relief, women in the MA and EA groups were treated with 13-21 needles, at 3 bilateral distal points and 4-8 bilateral local points, all within the same somatic area as the cervix and uterus. The local points were chosen with regard to the pain location. The needles were removed after 40 minutes [12] . In the MA group, the needles were inserted and stimulated manually until DeQi was achieved and thereafter stimulated at tenminute intervals. In the EA group, the needles were inserted and first stimulated manually until DeQi was achieved, then eight of the local needles were connected to an electrical stimulator which was set at a high frequency (80 Hz) stimulation. The decision regarding which local needles were to be connected to the stimulator was made by the midwife. The woman adjusted the intensity of the electrical stimulation herself to a level just under the pain threshold. The remaining needles were stimulated manually every ten minutes by the midwife until DeQi was achieved. In this way, women in the EA group received a combination of electrical and manual stimulation. MA or EA treatment was repeated after two hours, and thereafter made available on request. After the first treatment with acupuncture, women in the MA end EA groups had access to all the other pharmacological and non-pharmacological methods of pain relief available on the delivery wards. Women in the SC group had access to all forms of pain relief with the exception of acupuncture, and the choice of which pain relief that was used was made by the woman and the midwife together.
Outcome variables
Primary outcome: The women assessed their labour pain using a Visual Analogue Scale (VAS), which has a 100 mm horizontal ungraded line with two endpoints: 'no pain' and 'worst imaginable pain'. These assessments were made before the first treatment, immediately after the first treatment, every 30 minutes for five hours, and thereafter every hour until birth, or until epidural analgesia was administered. A different person from the one who administered the intervention (help nurse or midwife) assisted the women in the procedure of measuring pain and relaxation, however, blinding was not possible.
Secondary outcomes: Relaxation was also assessed using a VAS, the endpoints being: 'relaxed' and 'very tense'. Use of obstetric pain relief and post-partum assessments of labour pain were also registered. A complete description of the outcome variables has been published previously [12] .
Statistical analyses
The sample size calculation was based on the primary outcome: women's assessment of labour pain. A difference of 15 mm on VAS [17] was regarded as clinically relevant, and the detection of such a difference would require 41 women per group. A previous study [9] reported that only 47% of the women had registered data on pain or relaxation two hours after the first treatment (personal communication with Dr Mårtensson, January 2008), and compensation for a similar dropout rate would require 88 women per group. Finally, we compensated for an additional dropout rate of 15% due to women discontinuing their participation in the study or midwives' being unable to participate because of a heavy workload. In total, we aimed to include 303 women, i.e. 101 women per group. The Bonferroni adjusted significant level was 0.017, power 0.80, and a standard deviation of 20.4 mm was based on historical data [7] .
Analyses of the primary outcome were according to intention to treat (ITT) and per protocol (PP). The ITT analysis included all women randomised whereas the PP analysis excluded women who were randomised despite them not fulfilling inclusion criteria (MA n = 3; EA n = 5; SC n = 8), or who did not receive the interventions as planned (MA n = 16; EA n = 30; see Figure 1 ). All results presented in this article are analysed according to ITT.
Baseline characteristics are reported as means for continuous variables and percentages for discrete variables (Table 1) . For the primary outcome of labour pain, a linear mixed model for repeated measures was performed to investigate associations between treatment (MA, EA, SC) and pain scores on VAS over time. According to protocol, pain assessments should have been made every 30 minutes but for practical reasons such as contractions and toilet visits, pain scores were assessed at slightly varying time points. For this reason they were categorised into time intervals and the mean pain score within each 30 minute interval was calculated. Firstly, a fixed effect model was estimated with all main effects (treatment, time) and adjusted for the background factors that differed between groups despite the randomisation. Secondly, an interaction was added between time and treatment to study if the three groups differed at different time points. For both models it was assumed that covariance structure for time was a first order Autoregressive Model AR(1). Since the estimated VAS results in these two models were very similar, the model was primarily used without interaction, which estimated fewer parameters (n = 23) than the model with interaction (n = 53).
For the secondary outcomes, appropriate methods were selected for the measurement level of the outcome variables. Relaxation levels measured by VAS were analysed in the same way as the pain scores. To estimate the time from baseline to delivery, as well as the time from baseline to epidural analgesia, we used a KaplanMeier survival curve and a Cox regression model to make adjustments for the differences between the treatment groups at baseline (age, education). For discrete variables, logistic regression analyses were used, and adjustments were made for differences in background factors, using SC as the reference. These outcomes were: pain assessed as 'worse than expected' (much worse than expected + worse than expected vs. as expected + milder than expected + much milder than expected), use of pain relief other than acupuncture, 'sufficient' pain relief (enough vs. not enough), overall assessment of acupuncture for reducing pain and increasing relaxation (very effective + rather effective vs. not very effective + not effective at all), if the woman would choose the same treatment in future childbirth (yes vs. no), satisfaction with the allocation (yes vs. no), mode of delivery, estimated blood loss, augmentation of labour, perineal trauma, infant outcomes, perception of the midwife (positive vs. negative), support from the midwife (yes, to a high extent vs yes, to a rather high extent + no, to a rather low extent + no, not at all), number of acupuncture treatments, treatment with fewer than13 needles or less than 40 minutes of treatment, midwife's acupuncture skills (very competent + quite competent vs. not very competent + not competent at all) and negative side effects of the acupuncture treatment (yes vs. no). For the following continuous variables we used a two way Anova analysis: cervix dilatation when epidural analgesia was administrated, umbilical cord pH, number of needles, and duration of acupuncture treatment. P-values less than 0.05 were regarded as statistically significant. Analyses were conducted using IBM SPSS STATISTICS 21.0, for Windows.
Registration
This randomised controlled trial (RCT) was registered at ClinicalTrials.gov: NCT01197950. Due to a misunderstanding in the process, the study was not registered in Clinical trials before commencing the data collection. The trial was registered one year prior completion of the study (August 26, 2010) . No changes were made from inclusion of the first woman until completion of the study. The authors confirm that all ongoing and related trials for these interventions are registered.
Ethics statement
The study has no foreseeable risks but may cause minor discomfort in the form of tiredness or minor bruising. The women were informed that 1) participation in the study was voluntary, 2) their decision whether or not to participate would not affect their current or future treatment, 3) if they decided to participate they were free to withdraw at any time and 4) all questionnaires and blood samples would be unidentified. The women who agreed to participate in the study signed a consent form. The study was approved by the Regional Ethical Review Board, University of Gothenburg, 2008-05-15, Dnr: 136-08.
Results
Recruitment and participation are presented in the flowchart (Figure 1 ). Approximately 4300 women were eligible, 679 were informed and asked to participate in the study, and 303 consented to participate. Of the 303 women randomised, data on the primary outcome were obtained from 253 women: 83 in the MA group, 87 in the EA group, and 83 in the SC group.
Characteristics of the women randomised and those included in the final analyses are presented in Table 1 . No differences were found between the three groups, with the exception of women in the SC group being older and more educated than women in the MA group. Consequently, the subsequent analyses were adjusted for these two variables. To test the representativity of our sample we obtained data on maternal age, relationship status, smoker or non-smoker, and body mass index for all women who were eligible for the study. Our study sample did not differ from this larger group except regarding smoking which was less common in the study sample.
The mean time (minutes) from inclusion in the study until the first treatment occasion did not differ between the groups; MA: 19.8 (SD 53.9), EA: 15.6 (SD 24.8), and SC: 30.2 (SD 74.4). The received intervention in terms of local and distal acupuncture points is presented in Table 2 . The mean duration of the first acupuncture treatment was over 40 minutes in both treatment groups; 50 (SD 10.3) minutes in the MA group and 48 (SD 12.4) minutes in the in the EA group (p = 0.06). The mean number of needles was more than 13 in both groups: MA 14.9 (SD 2.8) and EA 14.9 (SD 3.2). Few women received a second treatment; MA 10.8% (n = 9), EA 8% (n = 7), and only one woman, who was in the EA group, received a third treatment. There were no statistically significant differences between the groups regarding the number of women who did not receive the first acupuncture treatment as intended (less than 13 needles (p = 0.14) or less than 40 minutes (p = 0.29)) (Figure 1 ).
Primary outcome
Mean pain scores given using the VAS in relation to time are illustrated in Figure 2 . Two different models were used to compare the outcomes of the three groups. The first model (without interaction) shows that mean estimated pain increased as labour progressed in all three groups with no differences between the groups (Table 3 ). The second model (with interaction) confirmed that there was an interaction between time and treatment (p = 0.03) and differences between the study groups in pain estimations occurred at the following time points: 120 minutes (MA pain scores lower than EA), 270 minutes (MA pain scores lower than EA), and 360 minutes (SC pain score lower than MA) (Figure 2 ). There were no 1) ; p = 0.5). Fewer women in the two acupuncture groups were treated with TENS than in the SC group (Table 4) . After the birth, most women reported that they had experienced worse pain than expected regardless of treatment although the majority said they had received sufficient pain relief (Table 4 ). Fewer women in the MA group reported that acupuncture was effective in reducing pain compared to the EA-group (Table 3) . Only 55.3% (n = 42) women in the SC group were satisfied with the group allocation compared with 84.4% (n = 65) in the MA group and 88.8% (n = 71) in the EA group. Table 5 shows that obstetric and neonatal outcomes were very similar between the three study groups with the exception of duration of labour and blood loss. Women in the EA group had shorter labours than the SC group (Hazard ratio 1.44; 95% CI 1.06-1.97), and estimated blood loss was lower in the EA group than in the SC group with its slightly higher rate of caesarean section.
Negative side effects were reported by 10% (n = 7) of the women in the MA-group and 7% (n = 5) of the women in the EA-group. These were mostly related to pain associated with the insertion of the needles, numbness and tiredness. The midwives reported adverse side effects in 2.8% (n = 2) of both MA and EA groups, and these were related to nausea. A majority of the women reported that they felt confident regarding the midwives' skills when providing acupuncture treatment: MA 92.4% (n = 73), EA 88.8% (n = 71). In all three groups, the women had an overall positive experience of the midwife: MA 100% (n = 75), EA 97.5% (n = 78), and SC 98.7% (n = 74). In addition, a majority of the women in all three groups stated that they to a high extent received support from the midwife during labour MA 77.2% (n = 61), EA 83.5% (n = 66), and SC 80% (n = 60).
Discussion
This trial was conducted with the aim of investigating the effect of acupuncture with two different stimulation protocols on women's assessment of labour pain. The study demonstrated that acupuncture with combined manual and electrical stimulation was not more effective than acupuncture with only manual stimulation, or standard care without any form of acupuncture. Neither did we find any effect of the two acupuncture techniques on women's assessment of relaxation during labour.
However, it was seen that women who received acupuncture with electrical and manual stimulation used less additional pain relief, including epidural analgesia, and had shorter labours than women in the standard care group. Women in the EA group were also more satisfied with the pain relief than women who received MA. The lower rate of epidural analgesia in the EA group could imply that the effect of acupuncture with electrical stimulation was underestimated in the study. This could be partially because women in the MA and SC groups had a higher rate of pharmacological pain relief and partially because women in the EA group remained longer in the study, which was discontinued at onset of epidural analgesia. These women therefore contributed with pain assessments in a later and more painful stage of labour than the other two groups. The ideal design of the study would have been to exclude the possibility of having any other form of pain relief than the acupuncture given in the two acupuncture groups, but this would not have been ethically justified. However, the option of having forms of pain relief with similar relieving mechanisms as acupuncture, namely TENS and sterile water injections could have been eliminated. For this reason, it is recommended that future studies avoid high intensity sensory treatment in control groups. In this study, decisions about pain relief other than acupuncture were left to the women in labour and the midwives, and although we defined the study as an efficacy trial in the protocol [12] a more appropriate definition would be a pragmatic effectiveness trial.
We cannot, however, dismiss the possibility that acupuncture administrated in our study was not sufficiently intense, as only a small percentage of the women received a second treatment. The protocol stated that after the first 40 minutes of treatment, a second one should be administered after two hours; to increase the intensity of the treatment while minimising the risk of unnecessary immobilisation. However, the women were able move around more freely than we had anticipated and it could be discussed whether a prolonged first treatment would have been preferable but this needs to be evaluated in future studies. The midwives' lack of time for placing the needles and connecting the EA device was given as a reason to that few women actually received a second treatment.
Physiological research suggests that acupuncture using a combination of manual and electrical stimulation could induce stronger pain relief than acupuncture with manual stimulation alone [11] . During labour, the pain system is highly sensitised, which places high demands on the given pain relief. Postoperative pain is in some ways similar to labour pain with a large acute inflammatory component, and the effect of acupuncture on this type of pain has been questioned [18] . This is in contrast to chronic pain conditions, for which acupuncture has been shown to be superior to sham treatments [19] .
The finding that acupuncture had no significant effect on pain, yet reduced the frequency of use of other forms of pain relief has been observed in previous studies [5, 7] . The reduction of use of pain relief must however be interpreted with some caution since this may be influenced not only by the woman in labour but also by the care provider and local culture within the labour ward [20] . However, our finding that epidural analgesia in the EA group was reduced in both the settings used, located in different parts of Sweden, supports the interpretation that it was the women's choice, suggesting that electroacupuncture had a pain relieving effect that made epidural analgesia unnecessary. The use of epidural analgesia in the SC group was higher than expected, 70% versus 54% of the 4029 eligible women, and this finding could possibly be related to the fact that women were not recruited to the study if being too close to partus, or the higher rate of dissatisfaction with the allocation. Women in the EA group spent less time in labour than women in the SC group and this is likely a result of the lower use of epidural analgesia in the EA group. When we excluded women receiving epidural analgesia there were no differences in time spent in labour between the groups (not shown), which is consistent with results from a previous study [4] .
A recent review concluded that acupuncture may have a role in reducing labour pain, however more research is needed [21] . The authors addressed some of the Left-centered p-values represent overall comparisons between the levels of the factors while right-centred represent pairwise comparisons between each level with the reference level. methodological problems with acupuncture research, and in an attempt to make our study as well described as possible a full description of the study design has been published previously [12] .
Ideally, an RCT should be blinded, but there is a problem with placebo controls in acupuncture research, since they possibly have similar physiological effects as acupuncture in the activation of the endogenous opioid system [22, 23] . We therefore decided not to use a placebo control group and hence blinding was impossible. There is a risk that both midwives and the women could be biased in favour for the acupuncture treatment since none of them were blinded. However, this concern would apply to both types of acupuncture: MA and EA. The difference in pain scores seen when comparing EA with SC but not between MA and SC indicates that there was an actual difference and not only by preference of the women and midwives. The VAS is the most commonly used instrument for assessment of pain and has been validated to detect changes in pain intensity [24, 25] . It has also been used in nearly all acupuncture studies for labour pain [3] [4] [5] [6] 8, 9] . The rationale for choosing the VAS was the feasibility and intelligibility of the instrument during intense situations such as labour, and that no superior instrument is available.
The midwives' skills in acupuncture treatment may possibly have affected the outcomes, and a full description of their training and experience has been published previously [12] . The length of the training may have been too short to gain sufficient skills to optimize the treatment [26] . However previous studies have demonstrated that the number of hours of training does not affect the results of treatment [27] . In addition, a relative small number of acupuncture points were used in this study, which makes the risk of inadequate training affecting the results smaller. The relatively high number of midwives (n = 38) who participated in this study compared with, for instance, the study by Skilnand [4] and colleagues (n = 6) could also be important. They may not have had the opportunity to gain sufficient skills since the number of treatments given by each midwife was low. To assure that the intervention procedures were performed correctly, the course included theoretical and practical sessions of MA and EA, which were repeated every semester. In addition, all midwives had access to a website which included instructional videos and written information about the study. Intermittent check-ups at the delivery wards were made by the first author (LV) to assure that the interventions followed study protocol.
Conclusion
Our findings suggest that acupuncture does not reduce women's experience of labour pain, neither with manual stimulation nor with combined manual and electrical stimulation. However, it was found that the EA group had a lower frequency of epidural analgesia thus indicating that the effect of acupuncture with electrical stimulation may have been underestimated. These findings were obtained in a context with free access to other forms of pain relief, including epidural analgesia.
